Introduction
Neill (1939) has described the chromatic response of normal and blinded eels to various conditions of illumination. From the times taken to equilibrate when passing from white to black " background" and vice versa with overhead illumination, he concluded th at co-ordination is humoral. The time taken to equilibrate after transference to darkness from an illuminated white background or vice versa implies th at control is bihumoral.
Apart from Neill's work and an early comment by Petersen the chromatic behaviour of the eel has engaged little attention. Lode (1890) described contraction of the melanophores after faradic stimulation of the cord. Odiorne (1933) found that injection of posterior lobe pituitary extract caused expansion of the melanophores. The present communication deals with experiments designed to elucidate the mechanism of co-ordination more fully. It includes observations on {a) modification of normal chromatic behaviour by total or partial hypophysectomy; (6) effect of total and partial hypophysectomy on tolerance to pituitary extracts; (c) influence of nervous stimulation in the presence or absence of an intact blood supply. They are based chiefly on the behaviour of the dermal melanophores for recording which the melanophore index of Hogben and Slome (1931) is used throughout.
The pituitary gland of the eel
For the elucidation of the experiments to be described in what follows, it is first necessary to indicate the morphological peculiarities of the pituitary of the eel and the means adopted for removing it from live fish. The pituitary of the eel is divisible histologically into four parts ( fig. 1 ):
(1)
(2) The main mass of the anterior lobe composed of closely packed glandular cells (= Ubergangsteil of de Beer). (3) The pars nervosa of fibres continuous with those of the third ventr (4) A glandular pars intermedia surrounding (3). De Beer's interpretation of the homologies of these parts in teleosts followed the earlier accounts of Stendel (1914) , and are based on the cod. In its general characteristics the pituitary of the eel recalls de Beer's description of Arnia from which it differs more especially in so far as it does not retain its connexion with the pharynx. There is also no doubt about the essential similarity between the pituitary of the eel and that of the cod as de Beer describes it. For this reason the present writer believes th at de Beer's Ubergangsteil is the anterior lobe sensuo stricto, and that the anterior lip which de Beer identifies as the pars anterior is really equivalent to the unseparated pars tuberalis of the Urodele. According to this view the ganoid pituitary takes its proper phyletic position between th at of the teleost and th at of the Urodele. Longitudinal sections of the eel pituitary sometimes display a narrow cleft between regions (1 and 2) and (3 and 4). It is rarely so obvious as in the one illustrated. Macroscopically the cleft is not apparent but regions (1 and 2) are distinguishable by shade, consistency and position from (3 and 4).
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Hypophysectomy of the eel can be accomplished by the method described by Hogben (1923) for the frog. The eel is anaesthetized by immersion in urethane solution. Anaethesia is complete and prolonged. If wrapped in a damp duster and laid on the bench, the animal requires no attachments. The gap is kept open by forceps, a piece of card being inserted over the tongue. The mucous membrane is deflected down the middle line. Approxi mately j in. internal to the angles of the jaw two branches of the carotid pass into the skull and unite on the surface of the anterior lobe. The bony floor of the skull above the pituitary is lightly drilled with a dental burr. When sufficiently thin, it is divided with a scalpel down the middle line and two small flaps pulled laterally. The frog has a comparatively thick chrondocranium. In the eel there is only a tough membrane. This is slit medially, leaving the pituitary in an accessible position with the two intact carotids lying on its surface. Removal of the whole pituitary can then be done simply by applying suction. Removal of either lobe separately is difficult. Several methods have been tried. The best is to apply light suction to the lobe to be removed and then to snip it free from the portion still in situ. Alternatively the anterior lobe can be destroyed with a cautery. Some bleeding is inevitable whenever the anterior lobe is removed. It is imperative to leave the carotid union undisturbed until suction is applied, otherwise the restricted site makes it quite impossible to be certain about what part is removed.
Effect of previous condition on equilibration AFTER HYPOPHYSECTOMY
For the experiments described below, both eels from which the whole pituitary gland was removed, and eels from which the anterior lobe only (i.e. regions 1 and 2) was removed, were used. The bulk of the operative stock, consisting of about forty to fifty totally and twelve partially hypophysectomized eels, were kept in the laboratory under continuous observation for a period of 1-6 months. Post-operative mortality was negligible. The eels on which the operation had been performed were not less viable than normal eels kept under the same laboratory conditions. During transition from one illuminated background to another, and on reaching equilibrium after hypophysectomy, all the dermal melanophores of the body do not react simultaneously. This is particularly noticeable after hypophysectomy, when melanophores near to the spinal cord equilibrate at a higher figure than do those at the edge of the fin. There is, in fact, a well-marked gradient. The practice adopted in the ensuing experiments was to take readings at four easily identifiable points on the tail of each fish. The points on the graphs reproduced below represent the average figure from these four sets of observations.
When the whole pituitary is removed from eels with expanded melano phores, they pale slowly, and gradually settle down to an intermediate colour. The average melanophore reading from a large number of animals subjected to continuous bright illumination in a black tank is 3-3, at 10-15° C. In black tanks with dim overhead illumination of exactly the same intensity as is found favourable for eliciting maximal pallor in normal animals on white grounds, the average melanophore reading is 2-7. This shows th at the primary response is independent of the activity of the pituitary, as in Xenopus. Removal of only the anterior lobe, inclu lip (1), results in expansion of the melanophores under all conditions of illumination. In the majority of such animals expansion is maximal in a white tank, but in two maintained in these conditions for 9 months the index was lowered to approximately 4. The reason for this is being investigated in a long term experiment which will be reported on later.
In early experiments it was noticed th a t some animals were paler two days after total hypophysectomy than subsequently. Since Neill's observations on the natural response suggest th at a contracting hormone. W, is more slowly excreted (or destroyed) than an expanding hormone B, a reasonable interpretation of this finding is th a t W remains in the circulation for a longer period than B after the removal of the source of both of these hormones, and th a t both are, in fact, located in the pituitary gland.
In my experiments this hypothesis was first tested in the following way. Two groups of animals were taken.
Group a had been kept for 6 months previously in illuminated black tanks. Group b were placed in a white tank until the mean melanophore index was 4-2. The animals were then completely hypophysectomized and placed in an illuminated black tank. Their subsequent responses are shown in the accompanying graph (figure 2).
If the behaviour of the two groups is due to the fluctuation of a single (expanding) hormone B, the only difference between them is th at b had less B hormone in the circulation than a. If so, we should expect that the melanophore index of the second group would diminish consistently to a common position of equilibrium. We might also expect th at it would fall more gradually in its initial stage than does the melanophore index of the other group. The fact th at it actually falls more steeply, drops well below the equilibrium condition to which it then gradually rises, is easily explainable if we assume th at the initial difference between a and b is the presence in the latter of a second hormone, W. On this assumption, the W content of the circulation in the first group would be minimal under conditions of overhead illumination in a black tank. On the other hand, the W content of the blood in the second group would be appreciably higher, and since Neill's observations suggest that W is eliminated much more slowly than B, if this hypothesis is correct the sudden drop below the common equilibrium value show n by the second group would be the natural consequence of rapid removal of B, and the relatively slow removal of the supra-minimal quantity of W in the circulation. equilibrium level hours F ig u r e 2. R eaction of two groups of eels after to ta l hypophysectom y. • = Group a previously equilibrated a t jlc = 5. O = Group b previously equilibrated a t fi = 4-2. Illum inated black tan k .
E ffect of hypophysectomy on tolerance to

PITUITARY EXTRACTS*
The hypothesis advanced in the preceding section can be tested in another way. Hogben and Slome (1931, 1936) produced evidence for the existence of W in Xenopus by injecting ^-containing extracts into tota hypophysectomized, partially hypophysectomized, and intact (pale) toads. The results showed th at the presence of the anterior lobe (with the associated pars tuberalis) is antagonistic to the action of B, which is secreted by the pars intermedia. Waring (1938) used a similar method in experiments upon elasmobranchs. The same method has given com parable results when applied to the eel. Equal quantities of posterior lobe pituitary extract, freed from pressor properties by treatm ent wdtli cold caustic solution (Hogben and Gordon 1930) , were injected into normal and totally hypophysectomized eels of equal weight. The eels used had been kept in a white tank. Those of the second group had been operated on 6 months previously. The responses of the two classes of animals is shown graphically (figure 3). I t has been pointed out previously th at such results are inexplicable except on the assumption that the presence of the anterior lobe antagonizes the injected B hormone. After removal of the whole pituitary gland, the B content in the circulation must be lower, so if the B hormone of the pars intermedia is the only contribution th at the pituitary makes to co-ordination of chromatic control in the eel, we must assume that eels which have no pituitary should be more tolerant on th at account. The graph shows th at in fact they respond more readily to ^-containing extracts. The most reasonable explanation of this is th at the pituitary of the normal animal is capable of secreting something which antagonizes B. If a smaller dose of pituitary is injected the difference between the two groups with respect to the speed of the melanophore expansion is greater (figure 4).
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hours F ig u r e 3. Responses of norm al an d hypophysectom ized eels of equal weight to equal injections of posterior lobe p itu ita ry ex tra c t freed from pressor properties by tre a tm e n t w ith caustic soda. W hite ta n k .
A comparison of the graphs in figures 3 and 4 reveals a striking difference in the behaviour of the normal eels. They respond to the larger dose by attaining maximum response (ji = 3-8) within 10 hr. and regaining their previous state {fi= 1-5) within 50 hr. after a steep initial drop during which the m .i . has fallen to 2*2 25 hr. after injection. There is a corresponding difference between the behaviour of the hypophysectomized groups though the difference is less pronounced. A significant feature common to both groups is th at the quantity of B in excess of what is sufficient to m .i . to approximately 3*5, i.e. its equilibrium value in darkness, is eliminated more rapidly than the quantity of B necessary to bring the [i up to the same level. Two general hypotheses might be invoked to explain this difference. On the one hand a direct action of the hormone on tissue metabolism, or on the excretory function of the kidney at a certain threshold might lead to more rapid destruction or excretion of B. On the other hand, we may be dealing with a common characteristic of diffusion gradients. There is at present no way of deciding conclusively that the former alternative is wrong, but it may be pointed out that whether we adopt a or could accept a u n i h u m o r a l ,hypothesis, the analysis of the normal timegraphs for background equilibrium and transition from equilibrium in conditions of illumination to darkness and vice versa points to the con clusion that the elimination of one or both hormones is more rapid in excess.
hypophysectom ised hours F ig u r e 4. Responses of norm al and hypophysectom ized eels of equal weight to equal injections of posterior lobe p itu ita ry e x tra c t freed from pressor properties by treatm en t w ith caustic soda. Smaller dose of p itu ita ry ex tract th a n used in figure 3. W hite tan k .
The outstanding features of the data summarized in the graphs in figures 3 and 4 is th at the response of the hypophysectomized animals develops more rapidly and subsides more slowly than th at of the normal ones to the same dosage. This receives a straightforward explanation if we assume that the circulation of the normal animal contains an antagonistic hormone W competing with B. On this assumption more B will be necessary to maintain the threshold ratio of B and W concentrations to a different value of / i, hence tissue destruction or excretion of sm quantities of B will result in a larger drop in the value of ju. Since the nerve supply is intact in both groups of animals, we need not consider the threshold value of B necessary for the tonic influence of the peripheral nerve supply described below as a relevant circumstance in this context.
Photic response of hypophysectomized eels
Unlike other animals (Amphibia, elasmobranchs) which have a slow background response based on bihumoral pituitary control, totally hypophysectomized eels show a limited reaction to illuminated backgrounds. In dimly illuminated black tanks they settle down to = 2*7. In white tanks with equal overhead illumination they equilibrate at 1-8. This reaction is not shown by blinded hypophysectomized animals. It is comparatively fast. Six animals hypophysectomized a month previously and maintained in a white tank for 5 days had an average dermal index of 1-8. By reading individuals at 10 min. intervals to ascertain the progress of the change, it was found th a t after 30 min. the average of the six was 2-7. This is exactly the same average figure th a t the same six animals attained previously after a 2 weeks' sojourn under similar conditions. The reverse change was ascertained in the same way. I t took 45 min. for an average index of 2*7 to become 2*0. This is clearly a visual response which can only be brought about b y :
(a) Vaso-motor changes.
(b) Secretion of adrenalin or some other hormone which is secreted by the pituitary gland.
(c) Direct innervation of the melanophores.
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The role of peripheral innervation
The following observations were made in the course of experiments undertaken to discriminate between these possibilities:
(1) Faradic stimulation of the palate or the cord of normal blackadapted animals results in contraction of the melanophores. Contraction begins about 3 min. after the start of stimulation and proceeds fairly rapidly so th a t contraction is complete in about 10 min. They expand rapidly when stimulation is stopped.
(2) Reversible contraction is also evoked when completely hypophys ectomized animals are used. In these, however, stimulation must be continued for about 15 min. before appreciable movement takes place. The animals used had all been operated on at least a month previously.
(3) Hearts were removed from normal black-adapted animals. The specimens were left for 10 min. during which time all circulation stopped. Faradic stimulation again resulted in contraction but only after 15-20 min. Expansion rapidly followed cessation of the stimulus and contraction could be brought about by further stimulation. (4) Exactly the same procedure was adopted as in (3) above, except th at completely hypophysectomized fish were used. Contraction started in 10-15 min.
The more significant data from these experiments can be tabulated th u s: (i) Stimulation of the palate region or cord elicits pallor in normal or hypophysectomized eels even after the circulation has been stopped.
(ii) All the changes described are completely reversible.
(iii) There is a significant difference in the reaction time between the groups specified above.
To assess these results correctly we have to take into account two other known facts about the pituitary gland. The first is th at vaso-motor tone, at least in land vertebrates, is maintained by the pressor constituent of posterior lobe extracts and th at the pressor substance is known to be present in the pituitary gland of teleosts. Thus, taking all the relevant data into consideration, the following conclusions may be drawn from the foregoing observations: (i) That there is direct innervation of the melanophores.
(ii) That stimulation in normal animals causes contraction by vaso constriction together with stimulation of the melanophore nerves.
(iii) Vaso-constriction favours melanophore contraction by reduction of the available quantity of the pituitary hormone B, and not by the reduced supply of other blood constituents.
(iv) They furnish no evidence for the secretion of adrenalin.
Discussion
The chromatic behaviour of cyclostomes, Amphibia and Crustacea is distinguished by slow response and humoral co-ordination. Teleosts such as Lebistes or Gasterosteus have more rapid responses to change of visual field which is consistent with the predominance of direct nervous control, but their responses in passing from illuminated tanks to darkness and the reverse are comparable to those of the first group. In contradistinction to the various ad hoc hypotheses advocated by Parker and his colleagues, Hogben and Landgrebe (1939) have put forward a generalized theory which embraces all these facts. It is th at in all forms the melanophore expansion in passing from darkness to illuminated black grounds or the reverse is due to the build-up or excretion of B. The transition from illuminated black to white grounds or the reverse is due to the build up or excretion of W in Amphibia and elasmobranchs. In Salmo and Lebistes, in which the background response is extremely rapid, the mechanism has been largely superseded by direct nervous control. To a lesser extent the same is true of Gasterosteus. The eel is the first species which provides evidence for the co-existence of a mechanism of bihumoral co-ordination and a mechanism of direct nervous control of visually determined chromatic behaviour. I t also provides the only available evidence for the existence of a mechanism of direct nervous control which does not as yet exert any appreciable influence in modifying the dominant and probably more archaic humoral co-ordination in the intact fish. From an evolutionary standpoint, the view th at recorded differences of response to injection of hormones, removal of glands and stimulation or section of nerves are due to relative dominance of one or other constituent of a co-ordinating apparatus which has three separate components is intrinsically more likely than the various ad hoc hypotheses which have been advocated by Parker and his co-workers.
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S u m m a r y
1. There is a dominant bihumoral control of the dermal melanophores of the eel.
2. The expanding hormone B is localized in pituitary.
3. The contracting hormone W is localized in the anterior half of the pituitary.
4. B is built up quickly and excreted quickly. 5. IF is built up slowly and excreted slowly. 6. There is direct innervation of the melanophores. The time relations of the natural responses show that it has no significance in the behaviour of normal animals. I t can only be distinguished in the absence of B. Release from nervous control might be expected to show itself in the transition from a white illuminated background to darkness, but the normal behaviour is dominated by the slow excretion of IF.
7. The results of this investigation support the generalized hypothesis of chromatic co-ordination outlined by Hogben and Landgrebe. Cytological studies in Oenothera with special reference to the relation of chromosomes to nucleoli 
I n t r o d u c t io n
Compared to the vast amount of work done on the cytology of this group of plants very little attention has been paid to a systematic analysis of the somatic chromosomes. The necessity of such a study was felt long ago by de Vries and Boedijn (1923, 1924) , who tried to analyse the chromosomes of Oenothera L a m a r c k i a n a and its several mutants. Since then the somatic chromosomes of Oenothera species have been illustrated from time to time but detailed observations in this connexion remained to be made. Such a situation has probably arisen from the fact that geneticists realized th at information from such a study would not throw much light on elucidation of their genetical observations, as all the species of Oenothera showed a stable chromosome number of 2n = 14, without any signif in their morphology. Probably a more important factor explaining the dearth of literature on this subject is the technical difficulty involved in getting good cytological preparations of root-tips of Oenothera species.
